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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a liquid crystal 
display device which may be incorporated in audio visual 
(AV) apparatuses, office automation (OA) apparatuses, or 
the like* The present invention also relates to a method 
for producing the liquid crystal display device. 

2. DESCRIPTION OF THE RELATED ART: 

An active matrix liquid crystal display device 
includes a TFT substrate which includes picture element 
electrodes, and thin film transistors (hereinafter, 
simply referred to as "TFTs" ) connected to the picture 
element electrodes formed on a glass substrate in a 
matrix. The active matrix liquid crystal display device 
further includes a counter substrate on which counter 
electrodes are formed. The TFT substrate and the counter 
substrate are adhered to each other with a sealing 
material, with a liquid crystal material interposed 
therebetween . 

Figure 6 is a simplified plan view of the 
TFT substrate of a conventional liquid crystal display 
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device. Figure 7 is a plan view of the counter substrate 
of the conventional liquid crystal display device. 

Referring to Figure 6, the TFT substrate includes 
a glass substrate 1 and picture element electrodes 6 
arranged on the glass substrate 1 in a matrix so as to 
correspond to an image display region 8. 

Herein, "an image display region" refers to an 
area of a substrate corresponding to a display region of 
a liquid crystal display device from where a viewer can 
actually see a displayed image. 

Each of the picture element electrodes 6 is con- 
nected to corresponding one of a plurality of gate bus 
lines 2 and corresponding one of a plurality of source 
bus lines 4. The TFT substrate further includes a gate 
driver GD for supplying scanning signals to the gate bus 
lines 2 and a source driver SD for supplying data signals 
to the source bus lines 4. 

Referring to Figure 7 , the counter substrate 
includes a glass substrate 20, and color filters 12 
provided on the image display region 8 of the glass 
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substrate 20 so as to correspond to the picture element 
electrodes 6 on the TFT substrate. Counter electrodes 
(not shown) made of a transparent conductive film are 
formed on the color filters 12. The liquid crystal 
material interposed between the TFT substrate and the 
counter substrate is switched in accordance with a poten- 
tial difference between the picture element electrodes 
and the corresponding counter electrodes. Light shield- 
ing layers (not shown) which act as so-called black 
matrix, are formed on the counter substrate for shielding 
light incident to the TFTs and light leaking from gaps 
between each picture element electrode. 

Generally, a light shielding frame section 14 is 
provided on the counter substrate around a periphery of 
the image display region 8 for shielding unnecessary 
light incident to the periphery of the image display re- 
gion 8. Since the liquid crystal display device uses 
back light, in the case where the light shielding frame 
section 14 is not provided, the unnecessary light reaches 
to the TFTs, thereby deteriorating the OFF characteris- 
tics of the TFTs, and thus deteriorating the display 
quality of the liquid crystal display device as well. 



- 4 - 



S97611 



The TFT substrate and the counter substrate are 
adhered to each other with a sealing resin 16 which is 
provided in the vicinity of the light shielding frame 
section 14, A UV curable sealing resin is often used as 
the sealing resin 16. In this case, UV light is radiated 
from the counter substrate side toward the TFT substrate 
side, or the TFTs are damaged and the characteristics 
thereof are deteriorated by the UV light in the step of 
adhering the substrates. Furthermore, in the case of 
using the UV curable sealing resin, the size of the light 
shielding frame section 14 is limited in order that the 
sealing resin 16 can be irradiated with UV light. Howev- 
er, smaller size of the light shielding frame section 14 
necessitates higher alignment accuracy in assembling the 
light shielding frame section 14 with the module, which 
renders this step of adhering the substrates complicated. 

In order to overcome the above-described problem, 
a technique is proposed, for example, in Japanese Laid- 
Open Publication No. 6-175157, in which a light shielding 
frame section is formed on a TFT substrate. 

However, according to the above-described tech- 
nique, although the light shielding frame section is 
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formed on the TFT substrate, color filters for displaying 
colors or light shielding layers (black matrix) need to 
be formed on a counter substrate. In this case, a 
sealing margin of the TFT substrate and the counter 
substrate is as small as about 3 pm, which necessitates 
use of a large scale sealing apparatus. 



SUMMARY OF THE INVENTION 



According to one aspect of the present invention, 
a liquid crystal display device is provided which in- 
cludes: a first substrate; a second substrate; and a 
liquid crystal layer interposed between the first sub- 
strate and the second substrate. The first substrate 
includes a plurality of switching elements, a plurality 
of picture element electrodes connected to the plurality 
of the switching elements and a plurality of color 
filters which are arranged so as to correspond to the 
plurality of the picture element electrodes on an area of 
the first substrate corresponding to a display region of 
the liquid crystal display device, and a light shielding 
frame layer around a periphery of the display region. 
Accordingly, there is no need for forming color filters 
and a light shielding frame layer on a second substrate. 
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In one embodiment of the present invention, the 
first substrate further including light shielding layers 
on the switching elements, for shielding light incident 
to the switching elements. Accordingly, there is no need 
for providing a light shielding layer on the second sub- 
strate. 

In one embodiment of the present invention, the 
light shielding layers and the light shielding frame 
layer are made of a same material. Accordingly, the 
light shielding layers and the light shielding frame 
layer are formed in one step. 

In one embodiment of the present invention, the 
light shielding layers and the light shielding frame 
layer are formed through an electrochemical reaction. 
Accordingly, the light shielding layers and the light 
shielding frame layer are easily formed. 

In one embodiment of the present invention, the 
light shielding frame layer includes a plurality of 
colored layers of different colors. According to one 
embodiment of the present invention, the plurality of 
colored layers of different colors are made from material 
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used to form the plurality of color filters. Accord- 
ingly, the light shielding frame layer is formed of 
colored layers made of the same materials as the color 
filters, and thus the light shielding frame layer and the 
color filters are simultaneously formed. 

In one embodiment of the present invention, the 
first substrate further includes a driving circuit for 
driving the switching elements, and the light shielding 
frame layer is formed over the driving circuit. Accord- 
ingly, light incident to the driving circuits is shielded 
by the light shielding frame layer. 

According to another aspect of the present 
invention, a liquid crystal display device is provided 
which includes: a first substrate; a second substrate; 
and a liquid crystal layer interposed between the first 
substrate and the second substrate. The first substrate 
includes a plurality of switching elements, a plurality 
of picture element electrodes connected to the plurality 
of the switching elements and light shielding layers on 
the switching elements on an area of the first substrate 
corresponding to a display region of the liquid crystal 
device, and a light shielding frame layer around a 
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periphery of the display region. 

In one embodiment of the present invention, the 
light shielding layers and the light shielding frame 
layer are made of a same material. 

According to still another aspect of the present 
invention, a method for producing a liquid crystal 
display device is provided, the liquid crystal display 
device including a first substrate, a second substrate, 
and a liquid crystal layer interposed between the first 
substrate and the second substrate. The method includes 
the steps of forming a plurality of switching elements, 
a plurality of picture element electrodes connected to 
the plurality of the switching elements and a plurality 
of color filters which are arranged so as to correspond 
to the plurality of the picture element electrodes on an 
area of the first substrate corresponding to a display 
region of the liquid crystal display device, and a light 
shielding frame layer on the first substrate around a 
periphery of the display region. Accordingly, there is 
no need for forming color filters and a light shielding 
frame layer on a second substrate. 
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In one embodiment of the present invention, the 
step of forming the color filters and the step of forming 
the light shielding frame layer are conducted as the same 
step. Accordingly, the color filters and the light 
shielding frame layer are formed in one step. 

In one embodiment of the present invention, the 
method further includes a step of forming light shielding 
layers on the first substrate. Accordingly, there is no 
need for providing a light shielding layer on the second 
substrate. 

in one embodiment of the present invention, the 
step of forming the light shielding layers and the step 
of forming the light shielding frame layer are conducted 
as the same step. Accordingly, the light shielding 
layers and the light shielding frame layer are formed in 
one step . 

In one embodiment of the present invention, the 
step of forming the light shielding layer and the step of 
forming the light shielding frame layer employ an 
electrochemical reaction. Accordingly, the light shield- 
ing layers and the light shielding frame layer are easily 
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formed . 



In one embodiment of the present invention, the 
step of forming the light shielding frame layer includes 
a step of superimposing, at least partially, a plurality 
of colored layers of different colors. 

According to still another aspect of the present 
invention, a method for producing a liquid crystal 
display device is provided, the liquid crystal display 
device including a first substrate, a second substrate 
and a liquid crystal layer interposed between the first 
substrate and the second substrate. The method includes 
the steps of forming a plurality of switching elements, 
a plurality of picture element electrodes connected to 
the plurality of the switching elements and light shield- 
ing layers on the switching elements on an area of the 
first substrate corresponding to a display region of the 
liquid crystal display device, and a light shielding 
frame layer on the first substrate around a periphery of 
the display region* 

In one embodiment of the present invention, the 
step of forming light shielding layers and the step of 
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forming the light shielding frame layer are conducted as 
the same step. 

Thus, the invention described herein makes 
possible the advantages of providing: (1) a liquid 
crystal display device which includes a counter substrate 
that can be easily formed, and in which the counter 
substrate and a TFT substrate are easily adhered to each 
other; and (2) a method for producing the liquid crystal 
display device. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plan view showing a TFT substrate 
of a liquid crystal display device according to first, 
second and third examples of the present invention; 

Figure 2 is a cross-sectional view taken along 
line A-A of Figure 1, showing three picture elements and 
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a part of a light shielding frame section of the liquid 
crystal display device according to the first example of 
the present invention; 

Figure 3 is a cross-sectional view taken along 
line A-A of Figure 1, showing three picture elements and 
a part of a light shielding frame section of the liquid 
crystal display device according to the second example of 
the present invention; 

Figure 4 is a cross-sectional view taken along 
line A- A of Figure 1, showing three picture elements and 
a part of a light shielding frame section of the liquid 
crystal display device according to the third example of 
the present invention; 

Figure 5 is a plan view showing a TFT substrate 
of a liquid crystal display device according to a fourth 
example of the present invention; 

Figure 6 is a plan view of a TFT substrate of a 
conventional liquid crystal display device; and 



Figure 7 is a plan view of a counter substrate of 
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a conventional liquid crystal display device* 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
described by way of illustrative examples with reference 
to the accompanying drawings. The same reference numer- 
als designate the same components. 

( Example 1 ) 

Figure 1 is a plan view showing a TFT substrate 
of a liquid crystal display device according to first, 
second and third examples of the present invention. 

Referring to Figure 1, a gate driver GD and a 
source driver SD are arranged on an insulative sub- 
strate 100 which is made of, for example, glass. The 
gate driver GD supplies scanning signals to picture 
elements 106 via gate bus lines 102. The source driv- 
er SD supplies data signals to the picture elements 106 
via source bus lines 104. As shown in Figure 1, a light 
shielding frame section 110 is formed on the 
TFT substrate around a periphery of an image display re- 
gion 108. 
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Figure 2 is a cross-sectional view taken along 
line A-A of Figure 1, showing three picture elements 106 
and a part of the light shielding frame section 110 of 
the liquid crystal display device according to the first 
example of the present invention . 

Hereinafter, a method for producing the liquid 
crystal display device according to the first example of 
the present invention will be described with reference to 
Figure 2 . 

First, active layers 112 made of amorphous 
silicon (a-Si) or polycrystal silicon (p-Si) are formed 
to a thickness of about 40 nm on the insulative sub- 
strate 100. Then, a gate insulating film 114 made of Si0 2 
is formed to a thickness of about 100 nm on each active 
layer 112. Then, a gate electrode 116 made of Al or p-Si 
is formed to a thickness of about 300 nm on each gate 
insulating film 114. Subsequently, phosphorous ions are 
introduced from above the gate electrodes 116 toward the 
substrate 100 while using the gate electrodes 116 as 
masks. As a result, an undoped channel region 113 is 
formed in each active layer 112 beneath each gate elec- 
trode 116. Regions of each active layer 112 other than 
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the undoped channel region 113, i.e., regions doped with 
phosphorous ions, act as low resistance regions. There- 
after, a first interlayer insulating film 118 is formed. 
Then, after providing contact holes 119 as shown in 
Figure 2, source bus lines 104 made of Al are formed. 
Thereafter, a second interlayer insulating film 122 is 
formed. Then, after providing contact holes 124 as shown 
in Figure 2, picture element electrodes 126 made of a 
transparent conductive film are formed. 

According to the first example of the present 
invention, RGB (Red, Green and Blue) color filters 128, 
130 and 132 are formed by using the picture element elec- 
trodes 126. The RGB color filters 128, 130 and 132 are 
formed on the picture element electrodes 126 by a micell 
electrolytic method as follows. A micell electrolytic 
method is disclosed, for example, in Japanese Laid-Open 
Publication No. 6-281925. 

First, 1 to 2 g red pigment ( Lithol Scarlet 
K3700: produced by BASF) is added and dispersed in a 2 mM 
aqueous solution of a compound represented by Formula 1 
(FPEG: ferrocenyl polyethylene glycol). Then, 0.1 M 
lithium bromide (supporting electrolyte) is added and 



- 16 - 



S97611 



dispersed for 30 minutes by an ultrasonic homogenizer. 
The resultant solution is further stirred for 3 days by 
a stirrer, thereby preparing a red pigment dispersed 



solution. 




Cuter- (OCH2CH2) 12-OH 



Fe 

<Formula 1> 

Similarly, 1 to 2 g green pigment (Meliogen Green 
L9361: produced by BASF) is added and dispersed in a 2 mM 
aqueous solution of a compound represented by Formula 1 
(FPEG). Then, 0.1 M lithium bromide (supporting electro- 
lyte) is added and dispersed for 30 minutes by an 
ultrasonic homogenizer. The resultant solution is 
further stirred for 3 days by a stirrer, thereby prepar- 
ing a green pigment dispersed solution. 

Similarly, 1 to 2 g blue pigment (Meliogen Blue 
B7080: produced by BASF) is added and dispersed in a 2 mM 
aqueous solution of a compound represented by Formula 1 
(FPEG). Then, 0.1 M lithium bromide (supporting electro- 
lyte) is added and dispersed for 30 minutes by an 
ultrasonic homogenizer. The resultant solution is 
further stirred for 3 days by a stirrer, thereby prepar- 
ing a blue pigment dispersed solution. 
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Thus, red, blue and green pigment dispersed 
solutions are individually prepared. 

Thereafter, the above-described substrate is 
immersed into the red pigment dispersed solution, and 
subjected to a micell electrolytic treatment while, by 
using terminal electrodes of the source bus lines 104, ON 
signals are selectively applied to the gate bus lines 102 
which are connected to picture element electrodes corre- 
sponding to red picture elements. The micell electrolyt- 
ic treatment is performed for 30 minutes under the condi- 
tions of a voltage of about 0.5 V and a temperature of 
about 25 °C, while using a saturated calomel electrode 
(SCE) as a reference electrode and an aluminum plate as 
an anode. After the micell electrolytic treatment, the 
substrate is washed with pure water and baked at a 
temperature of 180°C for 1 hour, thereby forming the red 
color filters 128 on the corresponding picture element 
electrodes 126. Once the color filters formed by the 
above-described micell electrolytic treatment are baked, 
the color filters loose their conductivity. 

Similarly, the thus-obtained substrate is im- 
mersed into the green pigment dispersed solution so as to 
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form green color filters 130 on the corresponding picture 
element electrodes 126 by electrically selecting signals 
lines corresponding to green picture elements. Since the 
previously formed red color filters 128 no longer have 
conductivity by being baked, the green color filters 130 
are not formed on the red color filters 128. Similarly, 
the blue color filters 132 are formed on the picture 
element electrodes corresponding to blue picture ele- 
ments . 

An average thickness of the red color filters 128 
is about 0.5 pm, that of the green color filters 130 is 
about 0.4 pm and that of the blue color filters 132 is 
about 0 . 6 jam . 

Although the color filters 128, 130 and 132 are 
formed by a micell electrolytic method according to the 
first example of the present invention, the present 
invention is not limited thereto. The color filters 128, 
130 and 132 may be formed by any electrochemical method 
such as, for example, an electrodeposition method. 

Thus, according to the first example of the 
present invention, the RGB color filters 128, 130 and 132 
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are formed on the TFT substrate by using picture element 
electrodes 126. 

Then, light shielding layers 134 are formed of a 
black resist for shielding light incident to the TFTs and 
light leaking from gaps between each picture element 
electrodes. According to the first example of the 
present invention, simultaneously with the light shield- 
ing layer 134, a black resist 136 is formed as part of 
the light shielding frame section 110. Accordingly, the 
light shielding layers 134 and the light shielding frame 
section 110 can be formed in one step by using the same 
material. Thus, an additional step for forming the light 
shielding frame section 110 is not required. 

According to the first example of the present 
invention, the color filters, the light shielding layers 
and the light shielding frame section are formed on the 
TFT substrate. Therefore, a counter substrate can be 
easily produced by simply forming counter electrodes and 
an alignment film. Moreover, since the color filters are 
formed on the TFT substrate, the TFT substrate and the 
counter substrate can be adhered to each other without 
requiring high accuracy, and thus a large scale apparatus 
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is not necessary, thereby simplifying the step of adher- 
ing the substrates. 

( Example 2 ) 

Figure 3 is a cross- sectional view taken along 
line A-A of Figure 1, showing three picture elements 106 
and a part of the light shielding frame section 110 of a 
liquid crystal display device according to the second 
example of the present invention. 

Hereinafter, a method for producing the liquid 
crystal display device according to the second example of 
the present invention will be described with reference to 
Figure 3 . 

Active layers 112 with undoped channel re- 
gions 113, gate insulating films 114, gate elec- 
trodes 116, a first interlayer insulating film 118, 
contact holes 119, source bus lines 104 and a second 
interlayer insulating film 122 are formed on an 
insulative substrate 100 in the same manner as in the 
first example. 

Then, according to the second example of the 
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present invention, contact holes 124 and 125 are provided 
as shown in Figure 3. Then, picture element elec- 
trodes 126, light shielding layer electrodes 127 and a 
light shielding frame section electrode 140 are formed. 
The light shielding layer electrodes 127 are used for 
forming light shielding layers 134 and the light shield- 
ing frame section electrode 140 is used for forming a 
light shielding frame section shielding layer 150 of a 
light shielding frame section 110. 

Thereafter, a voltage is applied to all of the 
source bus lines 104 so as to form the light shielding 
layers 134 by an electrodeposition method by using the 
electrodes 127. In the case where a source bus line 104 
has discontinuity, the light shielding layers 134 are not 
formed on the light shielding layer electrodes 127 con- 
nected to the source bus line 104 having the discontinu- 
ity. Using this fact, effectiveness of the source bus 
lines 104 can be checked by checking the light shielding 
layers 134. Accordingly, the discontinuity can be re- 
paired by forming a compensation line. According to the 
second example of the present invention, simultaneously 
with the light shielding layer 134, the light shielding 
frame section shielding layer 150 is formed on the light 
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shielding frame section electrode 140 by applying a 
voltage to the light shielding frame section elec- 
trode 140, thereby forming a light shielding frame sec- 
tion 110. Since the light shielding frame section 110 
can be formed simultaneously with the light shielding 

layers 134, an extra step for forming the light shielding 

frame section 110 is not required. 

Accordingly, the step of forming the light 
shielding layers 134 and the step of forming the light 
shielding frame section 110 can be simplified by employ- 
ing electrochemical reaction. 

Then, RGB color filters 128, 130 and 132 are 
sequentially formed by using the picture element elec- 
trodes 126 in the same manner as in the first example of 
the present invention. 

According to the second example of the present 
invention, as in the first example of the present inven- 
tion, the color filters, the light shielding layers and 
the light shielding frame section are formed on the TFT 
substrate. Therefore, a counter substrate can be easily 
produced by simply forming counter electrodes and an 
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alignment film. Moreover, since the color filters are 
formed on the TFT substrate, the TFT substrate and the 
counter substrate can be adhered to each other without 
requiring high accuracy, and thus a large scale apparatus 
is not necessary, thereby simplifying the step of adher- 
ing the substrates. 



( Example 3 ) 

Figure 4 is a cross-sectional view taken along 
line A- A of Figure 1, showing three picture elements 106 
and a part of the light shielding frame section 110 of a 
liquid crystal display device according to the a third 
example of the present invention. 

Hereinafter, a method for producing the liquid 
crystal display device according to the third example of 
the present invention will be described with reference to 
Figure 4, 

Active layers 112 with undoped channel re- 
gions 113, gate insulating films 114, gate elec- 
trodes 116, a first interlayer insulating film 118, 
contact holes 119, source bus lines 104, a second 
interlayer insulating film 122 and contact holes 124 are 
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formed on an insulative substrate 100 in the same manner 
as in the first example. 

According to the third example of the present 
invention, picture element electrodes 126 and a light 
shielding frame section electrode 140 for a light shield- 
ing frame section 110 are formed simultaneously. 

Then, RGB color filters 128, 130 and 132 are 
sequentially formed by using the picture element elec- 
trodes 126 in the same manner as in the first example of 
the present invention. According to the third example of 
the present invention, while sequentially forming the 
above-described RGB color filters 128, 130 and 132, an 
R colored layer 142, a G colored layer 144 and a 
B colored layer 146 which are made of the same materials 
as the RGB color filters 128, 130 and 132 are sequential- 
ly superimposed on the light shielding frame section 
electrode 140 by applying a voltage to the light shield- 
ing frame section electrode 140 during each of the steps 
of forming the RGB color filters 128, 130 and 132. 

The thus-superimposed RGB colored layers 142, 144 
and 146 sequentially superimposed on the light shielding 
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frame section electrode 140 form a black layer, and act 
as a light shielding frame section 110. 

Thereafter, light shielding layers 134 made of a 
black resist are formed, for shielding light incident to 
the TFTs and light leaking from gaps between each picture 
element electrodes. 

According to the present invention, the color 
filters 128, 130 and 132 and the colored layers 142, 144 
and 146 may be made of different materials and/or formed 
in different steps. 

According to the third example of the present 
invention, as in the first example of the present inven- 
tion, the color filters, the light shielding layers and 
the light shielding frame section are formed on the TFT 
substrate. Therefore, a counter substrate can be easily 
produced by simply forming counter electrodes and an 
alignment film. Moreover, since the color filters are 
formed on the TFT substrate, the TFT substrate and the 
counter substrate can be adhered to each other without 
requiring high accuracy, and thus a large scale apparatus 
is not necessary, thereby simplifying the step of adher- 
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ing the substrates. 



(Example 4) 

Figure 5 is a plan view showing a TFT substrate 
of a liquid crystal display device according to a fourth 
example of the present invention. 

Referring to Figure 5, a gate driver GD and a 
source driver SD are arranged on an insulative sub- 
strate 100 which is made of, for example, glass. 
Furthermore, the insulative substrate 100 has an image 
display region 108. The gate driver GD, the source 
driver SD and the TFT switching elements are formed on 
the same insulative substrate 100. The gate driver GD 
supplies scanning signals to picture elements 106 via 
gate bus lines 102. The source driver SD supplies data 
signals to the picture elements 106 via source bus 
lines 104. 

According to the fourth example of the present 
invention, a light shielding frame section 110 is formed 
on the TFT substrate around a periphery of the image 
display region 108 and such that it covers the gate 
driver GD and the source driver SD as shown in Figure 5 
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(indicated as a hatched portion). 

According to the fourth example of the present 
invention, the light shielding frame section 110 is 
5 formed over the active elements and the driving circuits 
for driving the active elements, which are formed on the 
same substrate 100* Since the light shielding frame 
section 110 shields light incident to the driving cir- 
cuits, the driving circuits are not affected by the inci- 
10 dent light which induces the driving circuits to perform 
an error operation. 

Furthermore, in the case where the light shield- 
ing frame section 110 is formed by an electrochemical 

15 reaction method by using the light shielding frame 
section electrode, as in the second and third examples, 
the driving circuits are also shielded by the light 
shielding frame section electrode, thereby preventing the 
driving circuits from generating unnecessary electric 

20 field. 

According to another example of the present 
invention, light shielding layers and a light shielding 
frame layer may be formed on a TFT substrate while color 
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filters are formed on a counter substrate. In this case, 
the color filters may be formed, for example, by dyeing, 
printing, or a color resist method. According to the 
color resist method, a color photosensitive resin is 
applied, exposed and developed, repeatedly. Furthermore, 
a lamination method is also known as a method for forming 
the color filters. According to the lamination method, 
color layers are formed by applying a colored 
photosensitive resin solution on a supporting body. 
Then, the thus-formed color layers are sequentially 
directly transferred on a transparent substrate, exposed 
and developed. The light shielding layers may be formed 
as described in the second and third example of the 
present invention. 

According to this example, the light shielding 
layers and the light shielding frame section are formed 
on the TFT substrate. Therefore, a counter substrate can 
be easily produced by simply forming counter electrodes, 
color filters and an alignment film. 

Herein, TFTs have been used as an example of 
switching elements, although the present invention is not 
limited thereto. The switching elements may be, for 
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example, another type of device such as varistors and 
MIM elements. 

According to an liquid crystal display device of 
5 the present invention, a TFT substrate includes a plural- 
ity of color filters on an area of the TFT substrate 
corresponding to a display region of the liquid crystal 
display device, and a light shielding frame layer around 
a periphery of the display region. Accordingly, there is 

10 no need for providing the color filters and the light 
shielding frame section on a counter substrate, and thus 
the counter substrate is easily produced. In addition, 
since the color filters are formed on the TFT substrate, 
the TFT substrate and the counter substrate are adhered 

15 to each other without requiring high accuracy, and thus 
a large scale apparatus is not necessary. 

According to an liquid crystal display device of 
the present invention, the TFT substrate may further 
20 include light shielding layers formed on the switching 
elements for shielding light incident to the switching 
elements. In this case, there is no need for providing 
light shielding layers on the counter substrate. Thus, 
the step of forming the counter substrate is simple. On 
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the other hand, in the case where the light shielding 
layers are formed on the counter substrate, the sizes of 
the light shielding layers need to be larger since a 
sealing margin of the TFT substrate and the counter sub- 
5 strate which is as small as, for example, about 3 jam, 
needs to be taken in account. Thus, an aperture ratio is 
decreased . 



According to an liquid crystal display device of 
10 the present invention, the light shielding layers and the 
light shielding frame layer may be made of a same materi- 
al. In this case, the light shielding layers and the 
light shielding frame section are formed in one step and 
thus the number of production steps is reduced. 

15 

According to an liquid crystal display device of 
the present invention, the light shielding layers and the 
light shielding frame layer may be formed through an 
electrochemical reaction. In this case, the light 
20 shielding layers are easily formed and effectiveness of 
TFTs in the image display region can be checked by 
visually checking the light shielding layers. 



According to an liquid crystal display device of 
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the present invention, the light shielding frame layer 
may be made from colored layers. in this case, the 
colored layers may be made of the same material as the 
color filters and may be formed simultaneously with the 
color filters. Thus, an additional step of forming the 
light shielding frame section is not required. 

According to an liquid crystal display device of 
the present invention, the TFT substrate may further 
include a driving circuit for driving the switching 
elements, and the light shielding frame layer may be 
formed over the driving circuit. In this case, since 
light incident to the driving circuits is shielded by the 
light shielding frame section, the driving circuits are 
not affected by the incident light which induces the 
driving circuits to perform an error operation. 
Furthermore, the light shielding frame section may be 
formed by an electrochemical reaction method. In this 
case, the driving circuits are also shielded by the light 
shielding frame section electrode, thereby preventing the 
driving circuits from generating unnecessary electric 
field. 



A method for producing a liquid crystal display 
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device of the present invention includes a step of 
forming a plurality of color filters on an area of the 
TFT substrate corresponding to a display region of the 
liquid crystal display device, and a step of forming a 
5 light shielding frame layer on the TFT substrate around 
a periphery of the display region. Accordingly, there is 
no need for providing the color filters and the light 
shielding frame section on a counter substrate , and thus 
the counter substrate is easily produced. In addition,, 
10 since the color filters are formed on the TFT substrate, 
the TFT substrate and the counter substrate are adhered 
to each other without requiring high accuracy, and thus 
a large scale apparatus is not necessary. 



15 According to a method of producing a liquid 

crystal display device of the present invention, the step 
of forming the color filters and the step of forming the 
light shielding frame layer may be conducted as the same 
step. In this case, the light shielding frame section is 

20 formed simultaneously with the RGB color filters, and 

thus, an additional step of forming the light shielding 
frame section is not required • 



According to a method of producing a liquid 
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crystal display device of the present invention, the step 
of forming the light shielding layers and the step of 
forming the light shielding frame layer may be conducted 
as the same step. In this case, the light shielding 
5 layers and the light shielding frame section are formed 
in one step and thus the number of production steps is 
reduced . 

According to a method of producing a liquid 
crystal display device of the present invention, the step 
of forming the light shielding layer may employ an 
electrochemical reaction. In this case, the light 
shielding layers are easily formed and effectiveness of 
TFTs in the image display region can be checked by 
visually checking the light shielding layers. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
20 invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the 
claims be broadly construed. 



10 



15 
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WHAT IS CLAIMED IS: 

1. A liquid crystal display device, comprising: 
a first substrate; 

a second substrate; and 

a liquid crystal layer interposed between the first 
substrate and the second substrate, wherein 

the first substrate includes a plurality of switching 
elements, a plurality of picture element electrodes con- 
nected to the plurality of the switching elements and a 
plurality of color filters which are arranged so as to 
correspond to the plurality of the picture element elec- 
trodes on an area of the first substrate corresponding to 
a display region of the liquid crystal display device, 
and a light shielding frame layer around a periphery of 
the display region. 

2. A liquid crystal display device according to claim 1, 
the first substrate further including light shielding 
layers on the switching elements, for shielding light 
incident to the switching elements. 

3. A liquid crystal display device according to claim 2, 
wherein the light shielding layers and the light shield- 
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ing frame layer are made of a same material. 

4. A liquid crystal display device according to claim 2, 
wherein the light shielding layers and the light shield- 
ing frame layer are formed through an electrochemical 
reaction. 

5. A liquid crystal display device according to claim 1, 
wherein the light shielding frame layer includes a 
plurality of colored layers of different colors. 

6. A liquid crystal display device according to claim 1, 
wherein the plurality of colored layers of different 
colors are made from material used to form the plurality 
of color filters. 

7. A liquid crystal display device according to claim 1, 
wherein the first substrate further comprises a driving 
circuit for driving the switching elements, and the light 
shielding frame layer is formed over the driving circuit. 

8. A liquid crystal display device, comprising: 
a first substrate; 

a second substrate; and 
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a liquid crystal layer interposed between the first 
substrate and the second substrate, wherein 

the first substrate includes a plurality of switching 
elements, a plurality of picture element electrodes 
connected to the plurality of the switching elements and 
light shielding layers on the switching elements on an 
area of the first substrate corresponding to a display 
region of the liquid crystal device, and a light shield- 
ing frame layer around a periphery of the display region. 

9. A liquid crystal display device according to claim 8, 
wherein the light shielding layers and the light shield- 
ing frame layer are made of a same material . 

10. A method for producing a liquid crystal display 
device including a first substrate, a second substrate 
and a liquid crystal layer interposed between the first 
substrate and the second substrate, the method comprising 
the steps of forming a plurality of switching elements, 
a plurality of picture element electrodes connected to 
the plurality of the switching elements and a plurality 
of color filters which are arranged so as to correspond 
to the plurality of the picture element electrodes on an 
area of the first substrate corresponding to a display 
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region of the liquid crystal display device, and a light 
shielding frame layer on the first substrate around a 
periphery of the display region . 

11. A method for producing a liquid crystal display 
device according to claim 10, wherein the step of forming 
the color filters and the step of forming the light 
shielding frame layer are conducted as the same step. 

12. A method for producing a liquid crystal display 
device according to claim 10, wherein the method further 
comprises a step of forming light shielding layers on the 
first substrate. 

13. A method for producing a liquid crystal display 
device according to claim 12, wherein the step of forming 
the light shielding layers and the step of forming the 
light shielding frame layer are conducted as the same 
step. 

14. A method for producing a liquid crystal display 
device according to claim 12, wherein the step of forming 
the light shielding layer and the step of forming the 
light shielding frame layer employ an electrochemical 
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reaction. 

15. A method for producing a liquid crystal display 
device according to claim 10, wherein the step of forming 
the light shielding frame layer includes a step of 
superimposing, at least partially, a plurality of colored 
layers of different colors, 

16. A method for producing a liquid crystal display 
device including a first substrate, a second substrate 
and a liquid crystal layer interposed between the first 
substrate and the second substrate, the method comprising 
the steps of forming a plurality of switching elements, 
a plurality of picture element electrodes connected to 
the plurality of the switching elements and light shield- 
ing layers on the switching elements on an area of the 
first substrate corresponding to a display region of the 
liquid crystal display device, and a light shielding 
frame layer on the first substrate around a periphery of 
the display region. 

17. A method for producing a liquid crystal display 
device according to claim 16, wherein the step of forming 
light shielding layers and the step of forming the light 
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shielding frame layer are conducted as the same step. 
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ABSTRACT OF THE DISCLOSURE 



A liquid crystal display device is provided which 
includes: a first substrate; a second substrate; and a 
liquid crystal layer interposed between the first sub- 
strate and the second substrate. The first substrate 
includes a plurality of switching elements, a plurality 
of picture element electrodes connected to the plurality 
of the switching elements and a plurality of color 
filters which are arranged so as to correspond to the 
plurality of the picture element electrodes on an area of 
the first substrate corresponding to a display region of 
the liquid crystal display device, and a light shielding 
frame layer around a periphery of the display region. 
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